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(57) ABSTRACT 
A light sensitive display apparatus and an operating method 
thereofare disclosed herein. The light sensitive display appa 
ratus includes a plurality of pixels, and the operating method 
of the light sensitive display apparatus includes the following 
steps. In a writing state, a first data Voltage and a first gate 
Voltage are provided to the pixels, and the pixels illuminated 
by light rays are Switched to or kept in a first display state. In 
an erasing state, a second data Voltage and a second gate 
Voltage are provided to the pixels, and the pixels illuminated 
by light rays are Switched to or kept in a second display state. 
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1. 

LIGHT SENSITIVE DISPLAY APPARATUS 
AND OPERATING METHOD THEREOF 

RELATED APPLICATIONS 

This application claims priority to U.S. Provisional Appli 
cation Ser. No. 61/588,189, filed Jan. 19, 2012, and Taiwan 
Application Serial Number 1011 19573, filed May 31, 2012, 
the disclosures of which are incorporated herein by reference 
in their entireties. 

BACKGROUND 

1. Field of Invention 
The present invention relates to a display apparatus and an 

operating method thereof. More particularly, the present 
invention relates to a light sensitive display apparatus and an 
operating method thereof. 

2. Description of Related Art 
Along with the development of the electronic and display 

technology, multiple display apparatuses in different types 
are widely applied in various fields, including computers, 
mobile phones or flat-plate apparatuses. Display apparatuses 
(such as a touch panel) which have sensing capability and do 
not need a keyboard to input information are getting popular 
and become the main stream of consumer electronics. 
Among traditional display apparatuses having sensing 

capability, the touch panel is most popular. However, the 
touch panel needs to detect touch points, which is interfered 
easily and positioning poorly. When the touchpanel is applied 
to a display apparatus having a writing function, such as an 
electronic blackboard or an electronic paper apparatus, the 
touch panel cannot provide a contrast ratio as a traditional 
blackboards or an Electro-Phoretic Display paper. Further 
more, the touch panel cannot keep the picture permanently. In 
addition, if the touch panel displays for a long time. Such as 
being used in the School, it might waste a lot of energy. 

Therefore, there is a need for a new display apparatus 
having a writing function and a method thereof. 

SUMMARY 

According to one embodiment of the present invention, the 
light sensitive display apparatus includes a display panel, a 
plurality of data lines, a plurality of gate lines, a data driving 
circuit and a gate driving circuit. The display panel includes a 
plurality of pixels. The data lines are connected to the pixels. 
The gate lines are also connected to the pixels. The data 
driving circuit is connected to the data lines so as to provide a 
first data Voltage to the pixels via the data lines in a writing 
state and to provide a second data Voltage to the pixels via the 
data lines in an erasing state. The gate driving circuit is 
connected to the gate lines so as to provide a first gate Voltage 
to the pixels via the gate lines in a writing state and to provide 
a second gate Voltage to the pixels via the gate lines in an 
erasing state. In the writing state, pixels illuminated by light 
rays are Switched to or kept in a first display state. In the 
erasing state, pixels illuminated by light rays are Switched to 
or kept in a second display state. 

Another aspect of the present invention provides an oper 
ating method of the light sensitive display apparatus. The 
light sensitive display apparatus includes a display panel 
including a plurality of pixels. The operating method includes 
the following steps. 

In a writing state, a first data Voltage and a first gate Voltage 
are provided to the pixels, and the pixels illuminated by light 
rays are Switched to or kept in a first display state. 
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2 
In an erasing State, a second data Voltage and a second gate 

Voltage are provided to the pixels, and the pixels illuminated 
by light rays are Switched to or kept in a second display state. 

In conclusion, by applying the embodiments of the present 
invention, a light sensitive display apparatus is realized. The 
conduction state of the bi-stable metal oxide transistor is 
changed by being illuminated by light rays, so that the display 
unit Switches the display state under illumination, and thus 
the action of writing or erasing with light rays is achieved. 
Furthermore, the display state of the pixels is changed when 
being illuminated by light rays, so as to avoid the disadvan 
tages that the touch panel is easily interfered and poorly 
positioned. A bi-stable display panel is adopted as the display 
panel, so that the light sensitive display apparatus has the 
characteristics of realizing permanent keeping and being low 
in power consumption. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order to make the following as well as other aspects, 
features, advantages, and embodiments of the present inven 
tion more apparent, the accompanying drawings are 
described as follows: 

FIG. 1 illustrates a schematic view according to a light 
sensitive display apparatus in an embodiment of the present 
invention; 

FIG. 2 illustrates a circuit diagram according to pixels in an 
embodiment of the present invention; 

FIG. 3 illustrates a schematic view according to a writing 
state in an embodiment of the present invention; 

FIG. 4 illustrates a schematic view according to an erasing 
state in an embodiment of the present invention; and 

FIG. 5 illustrates a schematic view according to a light pen 
and an eraser in an embodiment of the present invention. 

DETAILED DESCRIPTION 

The spirit of the present invention is clearly illustrated in 
the following embodiments with reference to the accompa 
nying drawings. Those of skills in the technical art can make 
various modifications and variations to the technology taught 
in the present invention without departing from the scope or 
spirit of the present invention after understanding a preferred 
embodiment of the present invention. 

If it is not specially indicated, “connection' used in the 
context refers to direct connection or indirect connection. 
That is, one end is connected to another end via a medium or 
not. 

The phrases “a first source/drain electrode' and “a second 
source? drain electrode' used in the context refer to a source 
electrode or a drain electrode of a transistor. When “the first 
source? drain electrode' is the source electrode, the “second 
source? drain electrode' is the drain electrode. When “the first 
source? drain electrode' is the drain electrode, the “second 
source? drain electrode' is the source electrode. 
An aspect of the present invention provides a light sensitive 

display apparatus. The light sensitive display apparatus can 
write or erase with light rays, and can be applied to display 
apparatuses having a writing function, such as an electronic 
blackboard or electronic paper apparatus. 

FIG. 1 illustrates a schematic view drawn according to a 
light sensitive display apparatus 100 in an embodiment of the 
present invention. As shown in FIG. 1, the light sensitive 
display apparatus 100 includes a display panel 110, a plurality 
of data lines 130, a plurality of gate lines 140, a data driving 
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circuit 150 and a gate driving circuit 160. In this embodiment, 
the display panel 110 is but not limited to a bi-stable electro 
phoretic display panel. 

In structure, the display panel 110 includes a plurality of 
pixels 120; the data lines 130 are connected to the pixels 120; 
the gate lines 140 are connected to the pixels 120; the data 
driving circuit 150 is connected to the data lines 130; and the 
gate driving circuit 160 is connected to the gate lines 140. It 
should be understood that the data driving circuit 150 and the 
gate driving circuit 160 can be realized by electronic elements 
and circuits, and also may be different electronic wafers 
respectively or be integrated as a single electronic wafer. 

In operation, the data driving circuit 150 is used for pro 
viding first and second data voltages to the pixels 120. The 
gate driving circuit 160 is used for providing first and second 
gate Voltages as well as Voltage pulse waves to the pixels 120. 
Each of the pixels 120 has a first display state and a second 
display state. For example, black is displayed in the first 
display state, and white is displayed in the second display 
state. In addition, in another embodiment, the above first and 
second display states are shown in the manner of emitting 
light or not or in other display manners, and it is not limited to 
the above example. 

FIG. 2 illustrates a circuit diagram drawn according to 
pixels 120 in an embodiment of the present invention. In this 
embodiment, each of the pixels 120 includes a bi-stable metal 
oxide transistor 170 and a display unit 180 which are con 
nected with each other. 

In structure, the first source? drain electrode of the bi-stable 
metal oxide transistor 170 is connected to the data lines 130; 
the second source? drain electrode of the bi-stable metal oxide 
transistor 170 is connected with the first end of the display 
unit 180, and the gate electrode of the bi-stable metal oxide 
transistor 170 is connected to the gate lines 140. The second 
end of the display unit 180 is grounded. 

In operation, the metal oxide semiconductor layer of the 
bi-stable metal oxide transistor 170 generates a great quantity 
of free electrons after being illuminated by light rays, so that 
the critical Voltage is reduced significantly and is Switched to 
another stable state. Thus the bi-stable metal oxide transistor 
170 has a first stable state after illumination and a second 
stable state before illumination, and the critical voltage of the 
bi-stable metal oxide transistor 170 in the first stable state is 
far lower than the critical voltage of the bi-stable metal oxide 
transistor 170 in the second stable state. The display unit 180 
has a first display state and a second display state, i.e., the first 
display state and the second display state of the pixels 120. 

In realization, indium-gallium-zinc oxide, Zinc oxide and 
the like metal oxides are adopted for the semiconductor layer 
of the bi-stable metal oxide transistor 170. The display unit 
180 may a pure light-emitting element, such as a light-emit 
ting diode; or may be a bi-stable display element, such as an 
electrophoretic display element or a cholesterol display ele 
ment. In this embodiment, the display unit 180 is specially 
realized by adopting a bi-stable electrophoretic display unit 
and has the advantages of high contrast, short response time 
and low operation Voltage. 

FIG. 3 illustrates a schematic view drawn according to a 
writing state in an embodiment of the present invention, 
which shows four steps 310-140 in the writing state. 

In step 310, assuming that initially all display units 180 in 
the display panel 110 are of the second display state. Such as 
being white. The data driving circuit 150 provides a first data 
voltage to all the bi-stable metal oxide transistors 170 via the 
data lines 130, and the gate driving circuit 160 provides a first 
gate voltage to all the bi-stable metal oxide transistors 170 via 
the gate lines 140. At this time, the bi-stable metal oxide 
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4 
transistor 170 is not conducted by the first gate voltage, and 
therefore, the first data voltage is not provided to the display 
unit 180. The first data voltage is used for enabling the display 
unit 180 to be switched from the second display state to the 
first display state, such as being switched from white to black. 
For example, the first data voltage is 20 V. The illuminated 
bi-stable metal oxide transistors 170 are conducted by the first 
gate Voltage after the first data Voltage is applied to the bi 
stable metal oxide transistors 170, but the bi-stable metal 
oxide transistors 170 before illumination are not conducted. 
For example, the first gate voltage is 0-20 V. It should be 
noticed that all the above voltage values can be adjusted 
according to practical application and are not limited to this 
embodiment. 

In step 320, a light pen 10 is utilized to emit a light ray onto 
the display panel 110 for writing, and thus the bi-stable metal 
oxide transistors 170 illuminated by the light rays are 
switched to or kept in a first stable state after illumination. 
When being of the first stable state, the bi-stable metal oxide 
transistors 170 is conducted by the first gate voltage, and the 
display unit 180 connected to the conducted bi-stable metal 
oxide transistors 170 receives the first data voltage. The dis 
play unit 180 is further switched to or kept in a first display 
state. Such as being black. The light pen 10 emits light rays so 
as to blacken partial pixels 120, as that a trace is written on the 
display panel 110 by the light pen 10. 

Step 330 is used for keeping the written trace after writing. 
When the display unit 180 is switched to the first display state, 
the gate driving circuit 160 provides voltage pulse waves to all 
the bi-stable metal oxide transistors 170 via the gate lines 140, 
so that the bi-stable metal oxide transistors 170 receive the 
voltage pulse waves 332, and is switched to or kept in a 
second stable state. The bi-stable metal oxide transistors 170 
are cutoff and are not conducted anymore, so as to kept in the 
first display state of the pixels 120 illuminated by the light 
rays. It should be noticed that the voltage pulse waves 332 are 
used for enabling the bi-stable metal oxide transistors 170 to 
be switched from the first stable state to the second stable 
state. The voltage for example is, but not limited to 40 V. 

Step 340 is the state that the writing is ended. At this time, 
the trace written by the light pen 10 on the display panel 110 
is kept, and the first data Voltage or the first gate Voltage does 
not need to be provided to the pixels 120 anymore. 

FIG. 4 illustrates a schematic view drawn according to an 
erasing state in an embodiment of the present invention, 
which shows four steps 410-440 in the erasing state. 

In step 410, assuming that initially partial display units 180 
are of the first display state. Such as being black, and the rest 
display units 180 are of the second display state. Such as being 
white. The data driving circuit 150 provides a second data 
voltage to all the display units 180 via data lines 130, and the 
gate driving circuit 160 provides a second gate Voltage to all 
the display units 180 via the gate lines 140. At this time, the 
bi-stable metal oxide transistors 170 are not conducted by the 
second gate Voltage, and thus the second data Voltage is not 
provided to the display units 180. The second data voltage is 
used for enabling the display units 180 to be switched from 
the first display state to the second display state. Such as being 
switched from black to white. For example, the second data 
voltage is -20 V. The illuminated bi-stable metal oxide tran 
sistors 170 are conducted by the second gate voltage after the 
second data Voltage is applied to the bi-stable metal oxide 
transistors 170, but the bi-stable metal oxide transistors 170 
before illumination are not conducted. The first gate Voltage 
for example is 0-20 V. It should be noticed that all the above 
Voltage values can be adjusted according to practical appli 
cation and are not limited to this embodiment. 
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In step 420, an eraser 20 is utilized to emit light rays onto 
the display panel 110, and thus the illuminated bi-stable metal 
oxide transistors 170 illuminated by the light ray are switched 
to or kept in a first stable state after illumination. When the 
bi-stable metal oxide transistors 170 are of the first stable 
state, the bi-stable metal oxide transistors 170 are conducted 
by the second gate Voltage, and the display unit 180 connected 
to the conducted bi-stable metal oxide transistors 170 
receives a second data voltage. The display unit 180 is further 
Switched to or kept in a second display state, such as being 
white. Therefore, the eraser 20 emits light rays to enable 
partial pixels 120 to be changed into white, as that the eraser 
20 removes the trace from the display panel. 

Step 430 keeps the second display state of the pixels 120 
after erasing. When the display unit 180 is switched to the 
second display state, the gate driving circuit 160 provides 
voltage pulse waves 432 to all the bi-stable metal oxide tran 
sistors 170 via gate lines 140, so that the bi-stable metal oxide 
transistors 170 receive the voltage pulse waves, and is 
switched to or kept in a second stable state, and the bi-stable 
metal oxide transistors 170 are cutoff and are not conducted 
anymore, so as to keep the second display state of pixels 120 
illuminated by the light rays. It should be noticed that the 
voltage pulse waves 432 are used for enabling the bi-stable 
metal oxide transistors 170 to be switched from the first stable 
state to the second stable state. The voltage for example is, but 
not limited to 40 V. 

Step 440 is the state that the erasing is ended. At this time, 
the second display state of the pixels 120 after erasing is kept, 
and the second data Voltage or the second gate Voltage does 
not need to be provided to the pixels 120. 

The light pen 10 and the eraser 20 mentioned in the above 
paragraphs are light-emitting apparatuses and can emit light 
rays. The light ray emitting area of the eraser 20 is larger than 
that of the light pen 10 So as to facilitate erasing, as shown in 
FIG. 5. It should be noticed that energy carried by light rays 
emitted by the light pen 10 and the eraser 20 are required to 
stimulate electrons of a metal oxide semiconductor layer. In 
an embodiment, since the work function of general metal is 
above 2.8 eV. energy carried by the light rays should be 
greater than 2.8 eV. and the wavelength is required to be 
smaller than 443 nm. The light ray can be a near ultraviolet ray 
with the wavelength between 300 nm and 400 nm, and it is 
required not to damage elements of the light sensitive display 
apparatus 100. The wavelength is determined according to 
practical application. 

In addition, in this embodiment, since signals on all the 
data lines 130 are identical, the data lines 130 are connected 
with each other to simplify the circuit. Furthermore, signals 
onall the gate lines 140 are also identical, so that the gate lines 
140 are also connected with each other to simplify the circuit. 
It should be noticed that in other embodiments, signals car 
ried by the above data lines 130 or the gate lines 140 may be 
not identical, and the data lines 130 or the gate lines 140 may 
be not connected with each other. Therefore, the connection 
relationship is not limited to this embodiment. 

In sum, the light sensitive display apparatus 100 provided 
by the embodiment of the present invention has a writing state 
and an erasing state, and the operating method includes the 
following steps. 

(a) In the writing state, the data driving circuit 150 provides 
a first data voltage to all the pixels 120 via data lines 130, and 
the gate driving circuit 160 provides a first gate Voltage to all 
the pixels 120 via gate lines 140, so that the pixels 120 
illuminated by the light rays are switched to or kept in a first 
display state. In addition, after the pixels 120 illuminated by 
the light rays are Switched to or kept in a first display state, the 
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6 
gate driving circuit 160 provides Voltage pulse waves to the 
pixels 120 via the gate lines 140 so as to keep the first display 
state of the pixels 120 illuminated by the light rays. 

(b) In the erasing state, the data driving circuit 150 provides 
a second data voltage to all the pixels 120 via data lines 130, 
and the gate driving circuit 160 provides a second gate Voltage 
to all the pixels 120 via gate lines 140, so that the pixels 120 
illuminated by the light rays are Switched to or keep a second 
display state. In addition, after the pixels 120 illuminated by 
the light ray are Switched to or keep a second display state, the 
gate driving circuit 160 provides Voltage pulse waves to the 
pixels 120 via gate lines 140, so as to kept in the second 
display state of the pixels 120 illuminated by the light ray. 

With the above display apparatus and the operating method 
thereof, a light sensitive display apparatus which has light 
writing property and can utilize light rays to write or erase is 
realized. This light sensitive display apparatus is greatly dif 
ferent from traditional touch panels in structure and opera 
tion. The light sensitive display apparatus does not need to 
detect a touch position and can directly change the display 
state of the pixels via illumination. Therefore, the light sen 
sitive display apparatus avoids complicated configuration of 
traditional touch panels and avoids the disadvantages that the 
touch panel is easily interfered and poorly positioned. In 
addition, the light sensitive display apparatus further has the 
characteristics of low energy consumption and the capability 
of keeping the picture permanently. The light sensitive dis 
play apparatus is thus applied to display apparatuses having a 
writing function, such as an electronic blackboard or elec 
tronic paper apparatus. 

Although the present invention has been disclosed with 
reference to the above embodiments, the embodiments are 
not intended to limit the present invention. It will be apparent 
to those skilled in the art that various modifications and varia 
tions can be made without departing from the scope or spirit 
of the present invention. Therefore, the scope of the present 
invention shall be defined by the appended claims. 
What is claimed is: 
1. A light sensitive display apparatus, comprising: 
a display panel comprising a plurality of pixels, and each of 

the pixels comprising a transistor, 
a plurality of data lines connected to the pixels; 
a plurality of gate lines connected to the pixels; 
a data driving circuit connected to the data lines, wherein in 

a writing state the data driving circuit provides a first 
data Voltage to the pixels via the data lines, and in an 
erasing state the data driving circuit provides a second 
data Voltage to the pixels via the data lines; and 

a gate driving circuit connected to the gate lines, wherein in 
the writing state the gate driving circuit provides a first 
gate Voltage to the pixels via the gate lines, and in the 
erasing state the gate driving circuit provides a second 
gate Voltage to the pixels via the gate lines, 

wherein, in the writing state, the pixels illuminated by light 
rays are Switched to kept in a first display state, and 

in the erasing state, the pixels illuminated by the light rays 
are Switched to or kept in a second display state; 

wherein each of the pixels comprises a bi-stable metal 
oxide transistor, one of the gate lines and one of the data 
lines cooperate to apply a first gate-to-source Voltage to 
one of the bi-stable metal oxide transistors in the writing 
state, each of the bi-stable metal oxide transistors has a 
first threshold voltage after illumination and a second 
threshold voltage before illumination, the first threshold 
Voltage is lower than the second threshold Voltage, the 
first gate-to-source Voltage is determined in a range 
between the first threshold voltage and the second 
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threshold voltage, so as to conduct the bi-stable metal 
oxide transistor after illumination and to not conduct the 
bi-stable metal oxide transistor before illumination. 

2. The light sensitive display apparatus of claim 1, wherein 
in the writing state, after the pixels illuminated by the light 
rays are switched to or kept in the first display state, the gate 
driving circuit provides a voltage pulse wave to the pixels via 
the gate lines, so as to keep the first display state of the pixels 
illuminated by the light rays. 

3. The light sensitive display apparatus of claim 2, wherein 
each of the pixels further comprises a display unit connected 
with each other, and each display unit has the first display 
state and the second display state: 

in the writing state, the bi-stable metal oxide transistor 
illuminated by the light rays is switched to or kept in a 
first stable state and is conducted by the first gate volt 
age, and the display unit connected with the conducted 
bi-stable metal oxide transistor receives the first data 
Voltage, such that the display unit is further switched to 
the first display state; when the display unit is switched 
to the first display state, the bi-stable metal oxide tran 
sistors receives the Voltage pulse wave and are switched 
to or kept in a second stable state, and the bi-stable metal 
oxide transistors are cutoff. 

4. The light sensitive display apparatus of claim 1, wherein 
in the erasing state, after the pixels illuminated by light rays 
are Switched to or kept in the second display state, the gate 
driving circuit provides a voltage pulse wave to the pixels via 
the gate lines, so as to keep the second display state of the 
pixel illuminated by the light rays. 

5. The light sensitive display apparatus of claim 4, wherein 
each of the pixels further comprises a display unit which are 
connected with each other, and each display unit has the first 
display state and the second display state; and 

in the erasing state, the bi-stable metal oxide transistor 
illuminated by the light rays is switched to or kept in a 
first stable state and is conducted by the second gate 
Voltage; the display unit connected with the conducted 
bi-stable metal oxide transistor receives the second data 
Voltage, such that the display unit is further switched to 
the second display state; when the display unit is 
Switched to the second display state, the bi-stable metal 
oxide transistors receive the Voltage pulse wave and are 
Switched to or kept in a second stable state, and the 
bi-stable metal oxide transistors are cutoff. 

6. The light sensitive display apparatus of claim 1, wherein 
the display panel is a bi-stable electrophoretic display panel. 

7. An operating method of a light sensitive display appa 
ratus, wherein the light sensitive display apparatus comprises 
a display panel, the display panel comprises a plurality of 
pixels, a plurality of gate lines and a plurality of data lines, and 
each of the pixels comprises abi-stable metal oxide transistor, 
and the operating method comprises: 

in a Writing state, providing a first data voltage and a first 
gate Voltage to the pixels, so that the pixel illuminated by 
light rays is switched to or kept in a first display state; 
and 

in an erasing state, providing a second data voltage and a 
Second gate Voltage to the pixels, so that the pixel illu 
minated by light rays is switched to or kept in a second 
display state; 
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8 
wherein one of the gate lines and one of the data lines 

cooperate to apply a first gate-to-source voltage to one of 
the bi-stable metal oxide transistors in the writing state, 
each of the bi-stable metal oxide transistors has a first 
threshold Voltage after illumination and a second thresh 
old voltage before illumination, the first threshold volt 
age is lower than the second threshold voltage, the first 
gate-to-source Voltage is determined in a range between 
the first threshold voltage and the second threshold volt 
age, so as to conduct the bi-stable metal oxide transistor 
after illumination and to not conduct the bi-stable metal 
oxide transistor before illumination. 

8. The operating method of the light sensitive display appa 
ratus of claim 7, wherein the step in the writing state further 
comprises: 

providing a Voltage pulse wave to the pixels, so as to keep 
the first display state of the pixel illuminated by the light 
rays. 

9. The operating method of the light sensitive display appa 
ratus of claim8, wherein each of the pixels further comprises 
a display unit which are connected with each other, each 
display unit has the first display state and the second display 
State, and the step in the writing state further comprises: 

providing the first data voltage and the first gate voltage to 
the bi-stable metal oxide transistors so that the bi-stable 
metal oxide transistor illuminated by light rays is 
Switched to or kept in a first stable state and is conducted 
by the first gate Voltage, the display unit connected with 
the conducted bi-stable metal oxide transistor receives 
the first data voltage, such that the display unit is further 
Switched to or kept in the first display state; and 

providing a Voltage pulse wave to the bi-stable metal oxide 
transistors, so that the bi-stable metal oxide transistors 
are switched to or kept in a second stable state, and the 
bi-stable metal oxide transistors are cutoff. 

10. The operating method of the light sensitive display 
apparatus of claim 7, wherein the step in the erasing state 
further comprises: 

providing a Voltage pulse wave to the pixels, so as to keep 
the second display state of the pixel illuminated by light 
rays. 

11. The operating method of the light sensitive display 
apparatus of claim 10, wherein each of the pixels further 
comprises a display unit which are connected with each other, 
and each display unit has the first display state and the second 
display state, and the step in the erasing state further com 
prises: 

providing the second data voltage and the second gate 
Voltage to the bi-stable metal oxide transistors, so that 
the bi-stable metal oxide transistor illuminated by light 
rays is switched to or kept in a first stable state and is 
conducted by the second gate voltage, such that the 
display unit connected with the conducted bi-stable 
metal oxide transistor receives the second data voltage, 
and the display unit is further switched to or kept in the 
second state; and 

providing the Voltage pulse wave to the bi-stable metal 
oxide transistors, so that the bi-stable metal oxide tran 
sistors are switched to or kept in a second stable state. 
and the bi-stable metal oxide transistors are cutoff. 
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